Principal component analysis (PCA) is a statistical technique that reduces the dimension 106 of a dataset to visualize data set with higher dimensions (41). Specifically, PCA finds a new 107 coordinate system so that the projected data on the first coordinate (called the first principal 108 component) shows the most significant variance of the data, and projection on the second 109 coordinate shows the second most significant variance, and so on. Each spectrum of our Raman 110 data contains 1932 data points and is treated as a 1932-dimensional vector. In order to visualize 111 the spectra of different viruses to see if the Raman spectra can capture the differences and 112 variances, we use PCA to reduce the dimension of the spectra data. We first standardize the spectra 113 data so that the mean value equal to zero and standard deviation equal to one in each dimension. 114 We then apply PCA to project each spectrum on the first and second principal components. The 115 first two principal components explain more than 90% of the variance in the whole dataset. In this 116 way, each spectrum is represented by a point on a 2D coordinate system. Given all the 2D data 117 points of one type of virus, we remove the outliers with a fraction of 0.2 using a standard method 118 called Elliptic Envelope. Figure 4.d plots all the inliers of the 2D points which clearly shows the 119 differences and variations between samples from different viruses.

